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(1.1) Tq ⊆ U, |Tq| = k






























p l p.y1, . . . , p.yl d








送信先ＩＰ 送信元ＩＰ バイト数 パケット数(KB) スループット(MB/s) ・・・
p1 172.16.X.Y  172.18.A.B 120 200 20
p2 172.16.X.Z  172.18.A.B 100 180 20
p3 172.16.X.Y  172.18.C.D 80 150 15
2.2:





U = O1, . . . , On U k
n (n+ 1) On+1
10
2.1:
ID y1 ・・・ yｌ x1 ・・・ xd
p1 p1.id p1.y1 p1.yｌ p1.x1 p1.xd
p2 p2.id p2.y1 p2.yｌ p2.x1 p2.xd

















1 X A 120 20 200
2 Y A 100 20 180
3 X B 80 15 150
4 Z C 200 10 300
5 Y B 50 25 120
6 X C 200 25 250









Oi Nj (partial value)
vi,j.x1, . . . , vi,j.xd Nj vi,j =
(vi,j.x1, . . . , vi,j.xd)
O1 = X, O2 = Y, O3 = Z, O4 = W
x1 : x2 : x3 : 2.2
12
v1,j = (400, 60, 600), v2,j = (150, 45, 300), v3,j = (200, 10, 300),


















Oi vi,j vi,j.x1, . . . , vi,j.xd −p.x1, . . . ,−p.xd
2.2 p.id = 8 ID p.y1 = X(= O1)
p.x1 = 300, p.x2 = 20, p.x3 = 400 p8
p8 Nj
O1 vi,j (400, 60, 600) (700, 80, 1000) Nj
7 p1








Vi vi,j d Vi = (Vi, x1, . . . , Vi.xd)
Vi k
2.4 k
q < id, fq, kq, ²q > id
ID fq kq ²q
q Oi Vi
fq(Vi) = fq(Vi.x1, . . . , Vi.xd) (2.3)
fq q
V1, . . . , Vn fq
k k
q k Tq DDoS
x1
x2 MB/sec q




























N0 (3.1) T ⊆ U, |T | = k
∀Ot ∈ T, ∀Os ∈ U − T : Vt + ² ≥ Vs (3.1)




























O1, O2 N1 V1,1 = 9, V2,1 = 1 N2
V1,2 = 1, V2,2 = 3





N1 V1,1 = 9, V2,1 = 1 N2 V1,2 = 1, V2,2 = 3
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δ1,1 = −3, δ2,1 = 0, δ1,2 = 3, δ2,2 = 0






² k T ²
T
δ1,0, δ2,0, . . . , δn,0 V1,1 = 9, V2,1 = 1, V1,2 =
1, V2,2 = 3 O2 9
N2 V2,2 = 12 δ1,1 = −8, δ1,2 = 8
N2 ² = 3




δ1,0 = −3 3





































































δ1,0  δ2,0 ・・・ δn,0













Nj δi,j k T























∀Ot ∈ T, ∀Os ∈ U − T, Vt,j + δt,j ≥ Vs,j + δs,j (3.4)
(3.4)












kResolution Nj < Ot, Os >
(3.4)








Nf (3.4) < Ot, Os >
Nf N0
(
) Oi F k T
Resolution R = F ∪ T R Oi Vi,f
Bf 2 3





(Vt,j + δt,j), max
Os∈U−R
(Vs,j + δs,j)} (3.5)
23
2Nf N0
2 Nf , N0
(3.6)
∀Ot ∈ T, ∀Os ∈ R− T, Vt,f + δt,f + δt,0 ≥ Vs,f + δs,f + δs,0 (3.6)
(3.6) ∀Ot ∈ T, ∀Os ∈ U − T, Vt + ² ≥ Vs
k T







N0 Nj(1 ≤ j ≤ m)
Nf
Nj(1 ≤ j ≤ m, j 6= f) Nj Resolution




Oi Vi R Oi Vi
k T ′ T ′ k





2 3 1+ 2(m− 1) +m =









k T ′ T ′ T ′
k T Resolution 2
k Resolution
k T ′ N
Resolution 2 N = {N0, Nf} Nf
25
Resolution
3 N = {N0, N1, . . . , Nm}
Reallocation Resolution R
Nj (1 ≤ j ≤ m) Bj Oi ∈ R Nj (1 ≤ j ≤ m)
Vi,j δi,j δi,0






N1 V1,1 = 9, V2,1 = 1 N2
V1,2 = 1, V2,2 = 3 O1 O2
V1 = 10, V2 = 4 N2 1 O1 V1,2 1
O2 V2,2 δ1,1 = −2, δ1,2 = 2
δ1,2 1 1
V1 − V2 = 6
k Ot λt k
Ot λt N Vt,∗
(3.4)
6
δ1,1 = −5, δ1,2 = 5
V1,1 + δ1,1 = 4, V2,1 + δ2,1 = 1, V1,2 + δ1,2 = 6, V2,2 + δ2,2 = 3
V2,2 3 Resolution








i,j = Bj − Vi,j
Resolution R Oi λi
Nj Nj Fj
Fj ∀j, 0 ≤ Fj ≤ 1,
∑










0≤j≤m, Nj∈N Bj (B0 =




T ′;R; {Bj}; {Vi,j}; {δi,j}; {Fj}
{δ′i,j}
1. Oi ∈ R λi
λi =
 Vi,N −BN + ² if Oi ∈ T
′
Vi,N −BN otherwise
2. Oi ∈ R Nj ∈ N
δ′i,j =
 Bj − Vi,j + Fjλi − ² if Oi ∈ T
′, j = 0





















Nj Oi d p.x1, . . . , p.xd
p p
q fq = fq(x1, . . . , xd)













クエリー q1 クエリーqQ・ ・ ・
















).,,.( 1 dq xpxpf K







).,,.( 1 dq xpxpf K

















Tq ⊆ U, |Tq| = kq
∀Ot ∈ Tq, ∀Os ∈ U − Tq : fq(Vt) + ²q ≥ fq(Vs) (4.1)




























σ.x1, σ.x2 x1 0 x1 MaxV alue.x1
x2 MaxV alue.x2







vi,j Oi Vi =
∑
j vi,j
x1 MaxV alue.x1 Vi.x1
x2 MaxV alue.x2
Vi.x2
x1 x2 MaxV alue.x1 MaxV alue.x2
σ.x1, σ.x2 σ.x1 = MaxV alue.x1/(x1





Top-k Computation[2] q kq Tq
Tq q q.top score
Vi = (Vi.x1, Vi.x2)





















kq1 Tq1 {O2, O3, O5} q2 kq2 Tq2 {O1, O3}
q1, q2 O5 O1
q1, q2 kq
4.3











































Q Q(Q+ 1)/2 + 1
kq R0 kq















































































































k Mouratidis Top-k computation
[2]
Vi.x1 MaxV alue.x1 Vi.x2
MaxV alue.x2 x1
x2 σ.x1 = MaxV alue.x1/(x1







Top-k computation 4.8 7 × 7
4.8

















3 c6,5, c4,6, c5,5






4.9: Top-k computation 2
¶ ³
ALGORITHM 4.1 (Top-k Computation(q))
q
Tq;
1. q.top score = −∞
2. Tq = NULL
3.
4.













k Tq k q.top score
Tq ci−1,j ci,j−1
q.top score







q 4.10 q Rr ²q/2

























Rr q sr.q Vi
q lvr.q q ²q/2
q





br,0.q br,0.q = (q.top score + ²q/2 + sr.q)/2 ²q/2
47































1.2 br,0.q = (q.top score+ ²q/2 + sr.q)/2
1.3 lvr.q = q.top score+ ²q/2− sr.q
1.4 δr.q = lvr.q/2
2. q
2.1 q sr.q
2.2 br,0.q = (q.top score− ²q/2 + sr.q)/2
2.3 lvr.q = q.top score− ²q/2− sr.q
2.4 δr.q = lvr.q/2
Nj
Rr
1. br,j.q = br,0.q/m
Oi










4.12 Nj vi,j Resolution
vi,j q br,j.q vi,j
Rr q (4.2)
fq(vi,j) ≤ br,j.q (4.2)
Resolution
Resolution
vi,j Rr r (4.2)
























(fq(vi,j)− br,j.q) (δr,0.q − (fq(vi,j)− br,j.q))
bv.q vi,j





ALGORITHM 4.3 (Resolution ( ))
r; q Set; fq(vi,j)− br,j.q (q ∈ q Set)
q Set q
1. bv.q = δr,0.q − (fq(vi,j)− br,j.q)
2. If(bv.q < 0)
2.1 Resolution
2.2 Resolution
3. ∆.q = (fq(vi,j)− br,j.q) + bv.q/m
4. δr,0.q− = ∆.q
Nj
q Set q






ALGORITHM 4.4 (Resolution ( ))
r; q Set; fq(vi,j)− br,j.q (q ∈ q Set)
q Set q
1. bv.q = δr,0.q − (fq(vi,j)− br,j.q)
2. If(bv.q > 0)
2.1 Resolution
2.2 Resolution
3. ∆.q = (fq(vi,j)− br,j.q) + bv.q/m
4. δr,0.q− = ∆.q
Nj
q Set q





























4.14 q1.top score q2.top score q3.top score
Rr Rr q1 q2 kq
Rr {q1, q2} Rr.up q Set
Rr Rr.down q Set
q (1) kq kq
²q/2
(2) kq kq ²q/2
q (4.1)
kq Tq Ot
Ot Vt (1) Vt fq(Vt) ≥ q.top score− ²q/2
Tq Os Os Vs (2) Vs
fq(Vs) ≤ q.top score+ ²q/2 fq(Vt)+ ²q/2 ≥







∀qu ∈ Rr.up q Set, ∀qd ∈ Rr.down q Set, Oi ∈ Rr.Node :
fqu(Vi) ≤ qu.top score+ ²qu/2 and fqd(Vi) ≥ qd.top score− ²qd/2 (4.3)
Rr.Node Rr






∀qu ∈ Rr.up q Set, ∀qd ∈ Rr.down q Set, Oi ∈ Rr.Node :













Reallocation Nj Rr br,j.q =
br,0.q/m (4.5) fqu(Vi) ≤ br,0.qu and fqd(Vi) ≥ br,0.qd Reallo-
cation fqu(Vi) ≤ br,0.qu ≤ qu.top score + ²qu/2 and qd.top score − ²qd/2 ≤
br,0.qd ≤ fqd(Vi) (4.3)
56
Reallocation δr.qu = qu.top score +
²qu/2−br,0.qu δr.qd qd.top score−²qd/2−br,0.qu
Nj br,j.q δr.q ∆
br,j.q ∆ δr.qu+
∑
j br,j.qu = qu.top score+ ²qu/2
δr.qd +
∑
j br,j.qd = qd.top score + ²qd/2 Algorithm 4.3
Algorithm 4.4 2 δr.qu ≥ 0
δr.qd ≤ 0 (4.3)















































n = 1000 m = 10
10000
SW size = 1000
q kq = 10
CPU Intel(R) Pentium 3.40GHz Memory 1GB
JAV A
5.2
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